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SPECIFICATION 



Fluorescent Probe 



Technical Field 

The present invention relates to a fluorescent probe. More specifically, the 
present invention relates to a fluorescent probe which traps proton, a metal ion, or 
active oxygen species and emits fluorescence. 

Background Art 

Fluorescein, a fluorescent substance known from the 19th century, can be 
excited at around 500 nm in an aqueous solution, and has a high quantum yield. For 
this reason, the substance has been commonly used as a fundamental scaffold of 
fluorescent probes. For example, fluorescein is used as a fundamental nucleus of a 
fluorescent probe for nitrogen monoxide (Japanese Patent Laid-Open 
No. 10-226688(1998)), a fluorescent probe for zinc (WO 01/62755), or the like. 

6-Hydroxy-9-phenylfluorone, in which the carboxyl group of fluorescein is 
substituted with hydrogen atom, has a lower fluorescence quantum yield. 
Accordingly, the carboxyl group is believed to have a role in characteristics as a 
fluorophore of fluorescein (Lindqvist, L., et al., J. Chem. Phys., 44, 1711-12, 1966). 
From the above reason, the carboxyl group is preserved in fluorescein derivatives 
proposed so far to avoid deterioration of the fluorescent property of fluorescein. 
Therefore, almost no compound is known wherein the carboxyl group is converted to 
other functional group. 

Disclosure of the Invention 

An object of the present invention is to provide a fluorescent probe with an 
excellent fluorescence property. The inventors of the present invention conducted 
various researches on characteristics of fluorescein as an fluorescent substance, and 
during the course of the researches, they have come to a conclusion that the 
fluorescence properties of fluorescein essentially derive from the tricyclic xanthene 
skeleton, and the 2-carboxyphenyl group binding to the 9-position of the xanthene ring 
has absolutely no substantial effect on the fluorescence properties. The inventors of 
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the present invention evaluated fluorescence properties of compounds wherein the 
carboxyl group of the 2-carboxyphenyl group is substituted with a substituent other 
than hydrogen atom, such as methyl group or methoxy group. Surprisingly, they 
found that the compounds had intensities of fluorescence quantum yield almost equal 
to that of fluorescein, and the compounds had almost the same excitation wavelength 
and fluorescence wavelength as those of fluorescein. 

On the basis of the above findings and the fact that 
6-hydroxy9-phenylfluorone, in which the carboxyl group of fluorescein is replaced 
with hydrogen atom, gave a lowered fluorescence quantum yield, the inventors of the 
present invention concluded that a role of the carboxyl group of fluorescein is to 
prevent a free rotation due to the carbon-carbon single bond between the xanthene ring 
and the benzene ring, thereby a pathway of deactivation of a fluorophore in an 
excitation state without a luminescence process can be prevented. Further, the 
inventors of the present invention conducted researches to develop a fluorescent probe 
having a high fluorescence property based on the above findings. As a result, they 
found that a compound, wherein the phenyl group which binds to the 9-position of the 
xanthene ring has sufficiently high electron density, is substantially non-fluorescent, 
whilst a compound wherein said phenyl group has sufficiently low electron density is 
highly fluorescent, and that a fluorescent probe having a desired fluorescence property 
can be logically designed by adjusting the electron density of said phenyl group with 
conversion of the carboxyl group of fluorescein to other functional group. The present 
invention was achieved on the basis of the above findings. 

The present invention thus provides a fluorescent probe which is represented 
by the following formula (I): 



R 1 R 2 
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(wherein, R 1 and R 2 each independently represents hydrogen atom, or a substituent for 
trapping proton, a metal ion, or an active oxygen species, provided that both of R 1 and 
R 2 do not simultaneously represent hydrogen atoms, or R 1 and R 2 may combine to each 
other to form a ring structure for trapping proton, a metal ion, or active oxygen species; 
R 3 represents a monovalent substituent other than hydrogen atom, carboxyl group, or 
sulfonic acid group; R 4 and R 5 each independently represents hydrogen atom or a 
halogen atom; R 6 represents hydrogen atom, an alkylcarbonyl group, or an 
alkylcarbonyloxymethyl group, provided that a combination of R 1 , R 2 , and R 3 provides* 

(1) substantially high electron density of the benzene ring to which said groups bind so 
that the compound represented by the formula (I) is substantially no fluorescent before 
the trapping of proton, a metal ion, or an active oxygen species, and 

(2) substantially reduced electron density of the benzene ring to which said groups 
bind so that a compound after the trapping, which is derived from the compound 
represented by the formula (I), is substantially highly fluorescent after the trapping of 
proton, a metal ion, or an active oxygen species). 

According to preferred embodiments of the present invention, provided are the 
aforementioned fluorescent probe, wherein the oxidation potential of said benzene ring 
before the trapping of proton, a metal ion, or an active oxygen species is less than 1.40 
V, and oxidation potential of said benzene ring after trapping of proton, a metal ion, or 
an active oxygen species is 1.40 V or higher, and said oxidation potential of said 
benzene ring increases by 0.20 V or higher after the trapping, under a sufficiently 
basic condition so that the hydroxy group of the xanthene ring can become a complete 
anion when R 6 is hydrogen atom; the aforementioned fluorescent probe, wherein the 
oxidation potential of said benzene ring before the trapping of proton, a metal ion, or 
an active oxygen species is less than 1.70 V, and the oxidation potential of said benzene 
ring after the trapping of proton, a metal ion, or an active oxygen species is 1.70 V or 
higher, and the oxidation potential of said benzene ring increases by 0.20 V or higher 
after the trapping, under a sufficiently acidic condition so that the hydroxy group of 
the xanthene ring can exist in a non-dissociation state when R 6 is hydrogen atom; the 
aforementioned fluorescent probe wherein R 3 is a lower alkyl group or a lower alkoxy 
group; the aforementioned fluorescent probe wherein the metal ion is an alkali metal 
ion, calcium ion, magnesium ion, or zinc ion; and the aforementioned fluorescent probe 
wherein the active oxygen species is selected from the group consisting of nitrogen 
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monoxide, hydroxy radical, singlet oxygen, and superoxide. 

According to more preferred embodiments of the present invention, provided 
are the aforementioned fluorescent probe which is for measuring zinc ion or nitrogen 
monoxide and wherein either or both of R 1 and R 2 are a group represented by the 
following formula (A): 

X 2 

^-N-lcHa-CH^Nj^C^-CHa-N^— (A) 
X 3 X 4 

(wherein X 1 , X 2 , X 3 , and X 4 each independently represents hydrogen atom, an alkyl 
group, 2-pyridylmethyl group, or a protective group of amino group, and m and n each 
independently represents 0 or l); and the aforementioned fluorescent probe which is 
for measuring singlet oxygen and wherein R 1 and R 2 combine to each other to represent 
a ring structure represented by the following formula (B): 




(B) 



vAA. 



(wherein R 7 and R 8 each independently represents a Ci-4 alkyl group or an aryl group). 

From another aspect, provided by the present invention is a method for 
designing a fluorescent probe which is represented by the aforementioned general 
formula (I) (wherein, R 1 and R 2 each independently represents hydrogen atom, or a 
substituent for trapping proton, a metal ion, or an active oxygen species, provided that 
both of R 1 and R 2 do not simultaneously represent hydrogen atoms, or R 1 and R 2 may 
combine to each other to form a ring structure for trapping proton, a metal ion, or an 
active oxygen species; R 3 represents a monovalent substituent other than hydrogen 
atom, carboxyl group, or sulfonic acid group; R 4 and R 5 each independently represents 
hydrogen atom or a halogen atom; R 6 represents hydrogen atom, an alkylcarbonyl 
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group, or an alkylcarbonyloxymethyl group), which comprises a step of selecting, as a 
combination of R 1 , R 2 , and R 3 , the combination which provides- 

(1) substantially high electron density of the benzene ring to which said groups bind so 
that the compound represented by the formula (I) is substantially no fluorescent before 
the trapping of proton, a metal ion, or an active oxygen species, and 

(2) substantial reduced electron density of the benzene ring to which said groups bind 
so that a compound after the trapping, which is derived from the compound 
represented by the formula (I), is substantially highly fluorescent after the trapping of 
proton, a metal ion, or an active oxygen species. Further, a fluorescent probe 
obtained by the aforementioned design method is also provided by the present 
invention. 

Brief Explanation of Drawings 

Fig. 1 shows, as for derivatives wherein the carboxyl group of fluorescein is 
converted to an alkyl group or an alkoxy group (Compounds 1 to 8), a correlation 
between fluorescence quantum yield of each compound and oxidation potential of the 
benzene ring moiety as a PET donor. 

Fig. 2 shows, as for derivatives wherein the carboxyl group of fluorescein is 
converted to an alkyl group or an alkoxy group (Compounds 1 to 8), a correlation 
between the fluorescence quantum yield of each compound and HOMO energy level of 
the benzene ring moiety as a PET donor. 

Fig. 3 shows a conceptual diagram of PET and two moieties (i.e, PET donor 
moiety and a fluorophore) of fluorescein. 

Fig. 4 shows changes of fluorescence spectra of the compound obtained in 
Example 5, which are dependent on concentration of NaCl or CaCh. 

Fig. 5 shows changes of fluorescence of the compounds obtained in Example 5 
(left) and Example 7 (right) caused by additions of various cations. 

Fig. 6 shows changes of fluorescence intensities versus pH change of the 
compound obtained in Example 7 and Sodium Green, tetra(tetramethylammonium) 
salt. 

Best Mode for Carrying out the Invention 
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The fluorescent probe provided by the present invention which is represented 
by the formula (I) is used as a fluorescent probe for measuring proton, a metal ion, or 
an active oxygen species (which is sometimes referred to as "a measuring object" in the 
specification,). As the metal ion, examples include alkali metal ions such as sodium 
ion and lithium ion, alkaline earth metal ions such as calcium ion, magnesium ion, and 
zinc ion. As the active oxygen species, examples include nitrogen monoxide, hydroxy 
radical, singlet oxygen, and superoxide. However, measuring objects are not limited 
to these examples. 

The fluorescent probe of the present invention is characterized in that the 
carboxyl group of the 2-carboxyphenyl group binding at the 9-position of the xanthene 
ring of various fluorescent probes for measuring variety of measuring objects, which 
have been proposed so far on the basis of the fundamental skeleton of fluorescein, is 
converted to a monovalent substituent other than hydrogen atom or sulfonic acid group 
(in the formula (I), said substituent is represented by R 3 ). On the benzene ring which 
binds to the 9-position of the xanthene ring, two substituents are present either of 
which or a combination of which participates in trapping of a measuring object (in the 
formula (I), these substituents are represented by R 1 and R 2 , either of which may 
sometimes represent hydrogen atom). 

As R 1 and R 2 in the compound represented by the formula (I), substituents for 
trapping a measuring object, which have been used so far for fluorescent probes for 
measuring proton, a metal ion, or an active oxygen species, can be used. R 1 and R 2 on 
the benzene ring may combine to each other to form a ring structure and thereby forms 
a substituent for trapping proton, a metal ion, or an active oxygen species. For 
example, as a combination of R 1 and R 2 on the benzene ring, groups shown below can be 
used. However, the combinations are not limited to these examples (2 -substituted 
phenyl groups which bind to the 9-position of the xanthene ring or rings condensed 
with said phenyl group are shown). 
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The substituting positions of R 1 and R 2 on the benzene ring are not 



particularly limited. On the benzene ring to which R 1 , R 2 , and R 3 bind, any 
substituent other than these substituents may be present. Various kinds of 
substituents for trapping a measuring object have been proposed, and accordingly, a 



measuring object. For example, Japanese Patent Laid-Open No. 10-226688, WO 
99/51586, Japanese Patent Laid-Open No.2000-239272, and WO 01/62755 can be 
referred to. Substituents for trapping measuring objects can also be used which are 
described in Chapter 22 (calcium ion, magnesium ion, zinc ion, and the other metal 
ions), Chapter 23 (pH indicator), and Chapter 24 (sodium ion, potassium ion, chloride 
ion, and the other inorganic ions) of a catalog of Molecular. Probes Inc. (Handbook of 
Fluorescent Probes and Research Chemicals, Sixth edition). However, substituents 
for trapping measuring objects are not limited to those described in the 
aforementioned publications. 

In the specification, the term "trapping" should be construed in its broadest 
sense which includes trapping of a metal ion, such as chelating which causes 
substantially no chemical transformation of R 1 and/or R 2 , as well as trapping causing a 
change of the chemical structures of R 1 and/or R 2 by chemical reaction with a 
measuring object, and should not be construed in any limitative sense. 

For example, for a fluorescent probe for measuring zinc ion or nitrogen 
monoxide, either or both of R 1 and R 2 are preferred to be a group represented by the 
following formula (A)* 



(wherein X 1 , X 2 , X 3 , and X 4 each independently represents hydrogen atom, an alkyl 
group, 2-pyridylmethyl group, or a protective group of amino group, and m and n each 
independently represents 0 or l). 

For a fluorescent probe for measuring singlet oxygen, both of R 1 and R 2 
independently represent a group represented by the aforementioned formula (A) 
wherein m and n represent 0, and R 1 and R 2 substitute on the benzene ring in adjacent 



person skilled in the art can suitably select a substituent depending on the type of a 



X 2 




(A) 
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positions to each other. For a fluorescent probe for measuring zinc ion, preferably, 
either of R 1 and R 2 is a group represented by the aforementioned formula (A) and the 
other is hydrogen atom, wherein X 1 , X 2 , X 3 , and X 4 are preferably 2-pyridylmethyl 
groups, and more preferably X 1 and X 2 are 2-pyridylmethyl groups. Symbol m is 
preferred to be 0, n is preferred to be 1, and X 4 is preferred to be hydrogen atom, 
wherein both of X 1 and X 2 are preferred to be 2-pyridylmethyl groups. 

For a fluorescent probe for measuring singlet oxygen, R 1 and R 2 preferably 
combine to each other to represent a ring structure represented by the following 
formula (B)* 




(B) 



(wherein R 7 and R 8 each independently represents a C1-4 alkyl group or an aryl group). 
R 7 and R 8 each independently is preferably a phenyl group which may be substituted, 
and more preferably both of R 7 and R 8 are phenyl group. The aforementioned formula 
(B) represents a group which binds in the 9-position of the xanthene ring, and one or 
more substituents may be present at any substitutable positions on the ring of the 
aforementioned formula (B). 

In the specification, "an alkyl group" or an alkyl moiety of a substituent 
containing the alkyl moiety (for example, an alkylcarbonyl group or an 
alkylcarbonyloxymethyl group) means, for example, a linear, branched, or cyclic alkyl 
group, or an alkyl group comprising a combination thereof having 1 to 12 carbon atoms, 
preferably 1 to 6 carbon atoms, and more preferably 1 to 4 carbon atoms. More 
specifically, a lower alkyl group (an alkyl group having 1 to 6 carbon atoms) is 
preferred as the alkyl group. Examples of the lower alkyl group include methyl group, 
ethyl group, n-propyl group, isopropyl group, cyclopropyl group, n-butyl group, 
sec-butyl group, isobutyl group, tert'butyl group, cyclop ropy Imethyl group, n-pentyl 
group, and n-hexyl group. When the term "a halogen atom" is referred to in the 
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specification, a halogen may be any one of fluorine atom, chlorine atom, bromine atom, 
or iodine atom, and preferably, fluorine atom, chlorine atom, or bromine atom. 

As R 3 , a lower alkyl group or a lower alkoxy group is preferred. Particularly 
preferred is methyl group or methoxy group. As the halogen atom represented by R 4 
and R 5 , chlorine atom or fluorine atom is preferred. R 4 and R 5 each independently is 
preferably hydrogen atom, chlorine atom, or fluorine atom. As the alkylcarbonyl 
group represented by R 6 , for example, acetyl group or the like can be used. As the 
alkylcarbonyloxymethyl group represented by R 6 , acetoxymethyl group or the like can 
be used. R 6 is preferred to be hydrogen atom, acetyl group, or acetoxymethyl group. 
In a group represented by the formula (A), types of the protective group of amino group 
are not particularly limited. For example, p -nitrobenzene sulfonyl group, 
trifluoroacetyl group, trialkylsilyl group, or the like can be used appropriately. As for 
the protective groups of amino group, for example, "Protective Groups in Organic 
Synthesis," (T. W. Greene, John Wiley & Sons, Inc. (1981)) can be referred to. 

In the fluorescent probe of the present invention, a combination of R 1 , R 2 , and 
R 3 is selected as a combination which provides (l) substantially high electron density 
of the benzene ring to which R 1 , R 2 , and R 3 bind so that the compound represented by 
the formula (I) is substantially no fluorescent before trapping of a measuring object, 
and (2) substantially reduced electron density of the benzene ring to which R 1 , R 2 , and 
R 3 bind so that a compound after trapping of a measuring object, derived from the 
compound represented by the formula (I), is substantially highly fluorescent. 

Information of the electron density of the benzene ring to which R 1 , R 2 , and R 3 
bind is easily available, for example, by calculating oxidation potential of said benzene 
ring according to a quantum chemical means. A reduction of the oxidation potential 
of said benzene ring means an increase of the electron density of said benzene ring, 
which corresponds to an elevation of HOMO orbital energy. For example, HOMO 
energy of said benzene ring moiety can be determined by a density functional theory 
(B3LYP/6-31G(d)). As R 1 and R 2 , substituents should be selected which change the 
oxidation potential after trapping of a measuring object. All the oxidation potentials 
described in the specification are indicated as values obtained by using Ag/Ag+ as a 
reference electrode. 

The hydroxy group on xanthene ring becomes an anion after dissociation of its 
proton in an alkaline solution at pH 13. For example, under such condition, a 



10 



compound wherein oxidation potential of said benzene ring is 1.00 V or lower may 
sometimes be substantially no fluorescent, whilst when the oxidation potential of said 
benzene ring is 1.40 V or higher, the compound may sometimes be substantially 
strongly fluorescent, as specifically shown in Examples in the specification. Further, 
under an acidic condition at pH 3.4, for example, a compound wherein the oxidation 
potential of said benzene ring is 1.40 V or lower may substantially be no fluorescent, 
whilst when the oxidation potential of said benzene ring is 1.70 V or higher, the 
compound may sometimes be substantially strongly fluorescent. When the 
combination of R 1 , R 2 , and R 3 is selected by using the oxidation potential of said 
benzene ring as a criterion, a fluorescent probe having an excellent fluorescent 
property can be obtained by selecting a combination which provides (l) substantially 
high electron density of said benzene ring in a compound before trapping of a 
measuring object, and (2) substantially reduced electron density of said benzene ring 
after trapping of a measuring object. 

As the combination of R 1 , R 2 , and R 3 , a combination is preferred such that the 
oxidation potential of said benzene ring before the trapping of a measuring object is 
lower than 1.40 V, the oxidation potential of said benzene ring after the trapping of a 
measuring object is 1.40 V or higher, and the oxidation potential of said benzene ring 
increases by 0.20 V or higher, preferably 0.30 V or higher, more preferably 0.35 V or 
higher, and most preferably 0.40 V or higher after the trapping, under a sufficiently 
basic condition so that the hydroxy group of the xanthene rings exists as a 
substantially complete anion when R 6 is hydrogen atom. As the basic condition, a 
condition at pH 12 or higher, preferably pH 13 can be applied. 

Similarly, when R 6 is hydrogen atom, and under a sufficiently acidic condition 
so that the hydroxy group of the xanthene rings can exist as substantially complete 
non-dissociation state, a combination is preferred such that the oxidation potential of 
said benzene ring before the trapping of a measuring object is less than 1.70 V, and the 
oxidation potential of said benzene ring after the trapping of a measuring object is 1.70 
V or higher, and the oxidation potential of said benzene ring increases by 0.20 V or 
higher, preferably 0.25 V or higher, and most preferably 0.30 V or higher after the 
trapping of a measuring object. As the acidic condition, a condition at pH 4.0 or less, 
preferably pH 3.4 can be "applied. 
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Although it is not intended to be bound by any specific theory, the above 
mentioned findings discovered by the inventors of the present invention can be 
explained by PET (Photoinduced Electron Transfer). PET is one of methods for 
fluorescence quenching, wherein electron transfer from neighboring electron donating 
moiety (PET donor) occurs to induce fluorescence quenching faster than a rate where 
the singlet excited fluorophore generated by irradiation of excitation light returns to a 
ground state with fluorescence emission. When the compound represented by the 
formula (I) is divided for consideration as a xanthene ring moiety which acts as a 
fluorophore and a benzene ring moiety which quench the fluorescence (PET donor), if 
the oxidation potential of the benzene ring is low (i.e., higher electron density and 
higher HOMO energy), the fluorescence derived from the xanthene ring will be 
quenched through the PET. 

As fluorescent probes, compounds are required to have a feature that the 
probe is substantially no fluorescent before trapping of a measuring object and changes 
to substantially strongly fluorescent substance after trapping of a measuring object. 
Therefore, a probe having a significant change in fluorescence intensity can be chosen 
as a preferable probe. For example, a probe can be designed so that its fluorescence is 
quenched through PET before the trapping of a measuring object and substantially no 
PET is induced after trapping of a measuring object. When a fluorescent probe 
introduced with a new substituents as R 1 , R 2 , and/or R 3 is designed by using the 
oxidation potential of said benzene ring moiety as a criterion, a correlation between 
the oxidation potential of the benzene ring after the introduction of the functional 
group and weakening of a fluorescence can sometimes be predicted from the knowledge 
so far available. Nevertheless, the correlation between the oxidation potential and 
the fluorescence intensity is preferably determined by the method specifically 
described in Examples of the specification. 

Further, for example, when a fluorescent probe for measuring nitrogen 
monoxide is designed, an electron density of the adjacent amino groups represented by 
R 1 and R 2 (either of said amino groups may be substituted, for example, with an alkyl 
group) can be increased, thereby reactivity between nitrogen monoxide and the amino 
groups is increased and sensitivity of the fluorescent probe can be heightened. It was 
revealed that, in the conventional fluorescent probes on the basis of fluorescein as a 
fundamental skeleton, the carboxyl group on the benzene ring is electronegative, 
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thereby electron densities of said amino groups are lowered, and as a result, reactivity 
is reduced. Accordingly, when electron donating groups such as an alkyl group and 
an alkoxy group are used as R 3 in the fluorescent probe of the present invention, 
electron density of the benzene ring is increased, and as a result, substantial 
non-fluorescence before trapping of nitrogen monoxide can be maintained, and the 
electron densities of said amino groups are increased to improve reactivity with 
nitrogen monoxide. Similarly, in a fluorescent probe for measuring singlet oxygen, by 
heightening electron density of the reactive group represented by the aforementioned 
formula (B), reactivity with singlet oxygen can be increased, which enables 
maintenance of substantial non-fluorescent property of a fluorescent probe before 
trapping of singlet oxygen. 

The term "measurement" used in the present specification should be construed 
in its broadest sense, including quantification, qualification, measurements performed 
for the purpose of diagnosis, tests, detections and the like. The method for measuring 
a measuring object using the fluorescent probe of the present invention generally 
comprises the steps of (a) reacting a compound represented by the aforementioned 
formula (I) with a measuring object; and (b) measuring fluorescence of a compound 
generated in the aforementioned process (a). For example, the fluorescent probe of 
the present invention or a salt thereof may be dissolved in an aqueous medium such as 
physiological saline or a buffered solution, or in a mixture of the aqueous medium and 
a water-miscible solvent such as ethanol, acetone, ethylene glycol, dimethyl sulfoxide, 
and dimethylformamide, the resultant solution may be added to a suitable buffered 
solution containing cells or tissues, and then the fluorescence spectra may be 
measured. 

Fluorescence of the compounds after trapping a measuring object can be 
measured by an ordinary method. For example, a method of measuring fluorescence 
spectra in vitro, or a method of measuring fluorescence spectra in vivoby a bioimaging 
technique can be employed. For example, when a quantitative measurement is 
conducted, a calibration curve is desired to be prepared in advance according to an 
ordinary method. When a compound wherein R 6 in the formula (I) is C1-12 
alkylcarbonyl group or acetoxymethyl group is used, the compound permeates cell 
membranes and is taken into cells, generating a product with the alkylcarbonyl group 
or acetoxymethyl group hydrolyzed by an esterase present in the cytoplasm. The 
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hydrolyzed compound is not easily excreted out of the cell, and react with an 
intracellular measuring object to give a fluorescent compound. Accordingly, by using 
these compounds as a measuring agent, a measuring object which localizes in an 
individual cell can be measured by a bioimaging technique with high sensitivity. 

As the fluorescent probe of the present invention, as well as the compound 
represented by the aforementioned formula (I), a salt thereof may be used. Types of 
the salt are not particularly limited. Examples of the salt include, for example, 
mineral acid salts such as hydrochloride, sulfate, and nitrate; and organic acid salts 
such as methanesulfonate, p-toluenesulfonate, oxalate, citrate, and tartrate as acid 
addition salts, and metal salts such as sodium salts, potassium salts, calcium salts, 
and magnesium salts; ammonium salts; and organic amine salts such as triethylamine 
salts as base addition salts. In addition, salts of amino acids such as glycine may be 
formed. The fluorescent probe according to the present invention may be used as a 
composition by mixing with additives generally used for an agent preparation, if 
necessary. For example, as additives for a use of the agent under a physiological 
condition, additives such as dissolving aids, pH adjusters, buffers, isotonic agents and 
the like can be used, and amounts of these additives can suitably be chosen by those 
skilled in the art. The compositions may be provided as those in appropriate forms, 
for example, powdery mixtures, lyophilized products, granules, tablets, solutions and 
the like. 

From another aspect, the compound provided by the present invention is 
represented by the following formula (II) 

R 11 




(wherein R 11 represents hydrogen atom, an alkyl group, or an alkoxy group; R 12 
represents an alkyl group or an alkoxy group; R 13 and R 14 each independently 
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represents hydrogen atom or a halogen atom; and R 15 represents hydrogen atom, an 
alkylcarbonyl group, or an alkylcarbonyloxymethyl group). As R u , hydrogen atom, a 
Ci-4alkyl group, or a Ci-4alkoxy group is preferred, and hydrogen atom, methyl group, 
or methoxy group is preferred. As R 12 , a Ci-4 alkyl group, or a Ci-4 alkoxy group is 
preferred, methyl group or methoxy group is more preferred. R 13 , R 14 , and R 15 are 
preferred to be hydrogen atom. The compound can be used as a pH sensor. 

A preferable combination of substituents for the pH sensor is not particularly 
limited. For example, a compound wherein one of R 11 and R 12 is methyl group, and 
the other is methoxy group, and all of R 13 , R 14 , and R 15 are hydrogen atoms is 
non-fluorescent in an acidic range, therefore the change in pH can be precisely 
measured. When R 11 is hydrogen atom and R 12 is methyl group or methoxy group, or 
when a both of R 11 and R 12 are methyl groups, a compound wherein R 13 and /or R 14 is 
fluorine atom or chlorine atom is preferable for measurement of pH change by the ratio 
method. Further, a compound wherein R 15 is acetyl group or acetoxymethyl group is 
preferable for a pH sensor for measuring intracellular pH change. 

Examples 

The present invention will be explained more specifically by referring to the 
following examples. However, the scope of the present invention is not limited to 
these examples. 

Example l: Preparation of compounds 

The following compounds are prepared. These compounds are designed so 
that a compound having greater compound number had a lower oxidation potential of 
the benzene ring binding in the 9-position of the xanthene ring (i.e., so as to have a 
higher the electron density, in other words, have a higher HOMO orbital energy). 
Preparation schemes of the compound having unsubstituted benzene ring and 
Compound 1 are shown below. 
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Xanthone was prepared according to the method described in Proc. Indian. 
Acad. Sci. Sect. A., 57, 280(1963), and the resulting xanthone was converted to 
di(tert-butyldimethylsilyl) protected form (xanthone -TBDMS) (J. Biol. Chem., 264, 14, 
8171(1989)). Mg (109 mg, 4.50 mmol) was placed in a well dried vessel, and heated 
under stirring at 250 *t for 180 minutes while being kept under a reduced pressure by 
using a vacuum pump. After being left for cooling, the vessel was substituted with 
argon and added with 2-bromotoluene (77 mg, 0.45 mmol) dissolved in distilled THF (2 
ml), and then gradually heated up to 60 °C. When a change of the reaction solution to 
dark green was observed, the solution was cooled with ice. The reaction solution was 
added with xanthone-TBDMS (137 mg, 0.300 mmol) dissolved in distilled THF (2 ml), 
and stirred for 10 minutes. The reaction solution was added with 2N HC1 solution (10 
ml) and stirred to deposit yellow solid. The solid was collected by filtration, washed 
with a small amount of THF, and dried to obtain yellow solid (87 mg, yield 96%). 
iH-NMR (300MHz, DMSO) 6 2.00 (3H, s), 7.01 (2H, d, J=9.15Hz), 7.10 (2H, s), 7.21 
(2H, d, J=9.15Hz), 7.31 (1H, d, J=7.14Hz), 7.52 (3H, m) 
MS(E1) 302 (M+) 

Compound 2 to Compound 8 were obtained in a similar manner. 
Compound 2 

iH-NMR (300MHz, DMSO) 8 1.97 (3H, s), 2.42 (3H, s), 7.01 (2H, d, J=9.15Hz), 7.10(2H, 
s), 7.21 (4H, m), 7.34 (lH, s) 
MS(E1) 316 (M+) 
Compound 3 

iH-NMR (300MHz, DMSO) 8 1.95 (3H, s), 2.35 (3H, s), 6.99 (2H, d, J=9.15Hz), 7.05(2H, 
s), 7.12 (1H, s), 7.21 (2H, d, J=9.15Hz), 7.39 (2H, m) 
MS(E1) 316 (M+) 
Compound 4 

iH-NMR (300MHz, DMSO) 8 3.70(3H, s), 7.02 (2H, d, J=9.20Hz), 7.08 (2H, s), 7.23(2H, 
t, J=7.50Hz), 7.34 (4H, m), 7.68 (lH, m) 
MS(E1) 318 (M + ) 
Compound 5 

iH-NMR (300MHz, DMSO) 8 1.98 (3H, s), 3.86 (3H, s), 6.96 (2H, d, J=9.15Hz), 7.03 (3H, 
m), 7.10 (1H, s), 7.23 (lH, d, J=8.22Hz), 7.28 (2H, d, J=9.15Hz) 



18 



MS(E1) 332 (M + ) 
Compound 6 

iH-NMR (300MHz, DMSO) 8 2.33 (3H, s), 3.66 (3H, s), 7.07 (2H, d, J=9.15Hz), 7.14 (3H, 
m), 7.26 (1H, d, J=8.88Hz), 7.42 (lH, d, J=9.15Hz), 7.48 (1H, d, J=8.88Hz) 
MS(E1) 332 (M+) 
Compound 7 

iH-NMR (300MHz, DMSO) 8 3.70 (3H, s), 3.91 (3H, s), 6.83 (1H, d, J=8.43Hz), 6.89 (lH, 
s), 7.06 (2H, d, J=9.36Hz), 7.12 (2H, s), 7.26 (lH, d, J=8.43Hz), 7.47 (2H, d, J=9.36Hz) 
MS(E1) 348 (M + ) 
Compound 8 

iH-NMR (300MHz, DMSO) 8 3.64(3H, s), 3.76 (3H, s), 6.96 (lH, s), 7.04 (2H, d, 
J=9.15Hz), 7.10 (2H, s), 7.23 (lH, d, J=9.15Hz), 7.30 (lH, d, J=9.15Hz), 7.23 (2H, d, 
J=9.15Hz) 
MS(E1) 348 (M + ) 

Example 2 

A correlation between a fluorescence quantum yield and the oxidation 
potential of the benzene ring moiety of each of the above prepared compounds was 
studied. The results are shown in Figure 1. As clearly shown by the results in the 
figure, the fluorescence quantum yield of each compound changed depending on the 
oxidation potential of the benzene ring moiety. In an alkaline solution at pH13, the 
OH group of the xanthene ring dissociates its proton to become an anion, and under 
this condition, the compound became almost non-fluorescent at an oxidation potential 
of 1.00 V or lower, whereas at an oxidation potential of 1.40 V or higher, the compound 
emitted fluorescence with a quantum yield of almost 1. Between the two values, a 
decrease in the quantum yield was observed with a decrease in the oxidation potential. 
Under an acidic condition at pH 3.4, an oxidation potential of the benzene ring, at 
which a change in fluorescence was observed, was changed as compared to that under 
a basic condition, i.e., the compound was almost no fluorescent at an oxidation 
potential of 1.40 V or lower, whereas at an oxidation potential of 1.70 V or higher, the 
compound emitted fluorescence with a quantum yield of almost 0.3. It is known that 
the OH group of the xanthene ring is protonated at pH 3.4, and under this condition, 
the quantum yield of Fluorescein is about 0.3. 
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Example 3 

Oxidation potential of a compound is generally predictable by a quantum 
chemistry calculation. HOMO energies of the benzene ring moiety of the 
aforementioned compounds were determined by the density functional theory 
(B3LYP/6-3lG(d)), and correlation between the determined values and the 
fluorescence quantum yield was plotted. As a result, almost the same result was 
obtained as that of Example 2 wherein oxidation potential was used as a criterion 
(Figure 2). From the result, the fluorescence property of the compound of the present 
invention was proved to be quantitatively predictable by a quantum chemical 
calculation. On the basis of these findings, a logical designing method of a fluorescent 
probe of the present invention can be conducted. 

Example 4 

PET (Photoinduced Electron Transfer) is one of methods for fluorescence 
quenching, wherein electron transfer from neighboring electron donating moiety (PET 
donor) occurs to induce fluorescence quenching faster than a rate where the 
singlet-excited fluorophore generated by irradiation of excitation light returns to a 
ground state with fluorescence emission. When the compound of the present 
invention is divided into a xanthene ring moiety which is a fluorophore and a benzene 
ring moiety which quench the fluorescence (PET donor) for consideration, if the 
oxidation potential of the benzene ring is low (i.e., higher electron density, in other 
words, higher HOMO energy), the fluorescence derived from xanthene is quenched 
through PET. In fact, the two moieties have revealed to be almost orthogonal to each 
other from an X-ray crystal structure analysis, and Compounds 1 to 8 have almost the 
same excitation and fluorescence wavelengths. Accordingly, the hypothesis wherein 
the compound of the present invention is divided into the two moieties for 
consideration is believed to be highly appropriate. A conceptual diagram of PET and 
a conceptual diagram wherein fluorescein was divided into the two moieties are shown 
in Figure 3. 

A fluorescent probe is a molecule being no fluorescent when a measuring 
object is not present, and having a function to emit fluorescence only when the probe 
traps a measuring object. Therefore, an ideal fluorescent probe can be obtained by 
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designing a fluorescent probe whose fluorescence is quenched through PET under the 
former condition, and causes no PET under the latter condition. For example, it is 
readily possible to reveal by the experiment shown in Example 2 which level of 
oxidation potential is sufficient to lower the fluorescence, and easily be predicted, even 
for a new fluorophore, by measuring its reduction potential. The benzene ring moiety 
which acts as a PET donor moiety may be chosen so that its oxidation potential 
changes by a specific formation of a coordination bond or a reaction with a measuring 
object. Oxidation potentials of the PET donor moiety before and after the trapping 
are predictable by a quantum chemistry calculation. According to the steps above, 
the desired fluorescent probe can be designed without any synthetic process. 

For example, when a fluorescent probe for measuring nitrogen monoxide is 
designed, a reaction rate of two adjacent amino groups present on the benzene ring 
(either amino group may have a substituent such as an alkyl group) with nitrogen 
monoxide is a factor that directly regulates measurement sensitivity. Therefore, 
electron density of the amino group is desired to be heightened by increasing electron 
density of the benzene ring moiety (i.e., it is desired to increase HOMO energy of the 
benzene ring moiety) to achieve high sensitivity. In conventionally used fluorescein, 
a carboxyl group as an electron withdrawing group is present, thereby the electron 
density of the benzene ring is lowered, and as a result, there arises a problem that the 
reactivity of the amino group decreases and thus the measurement sensitivity can not 
be heightened. In contrast, the compound of the present invention can be introduced 
with an electron donating group as a substituent of R 3 , thereby the electron density of 
the benzene moiety can be increased so as to heighten the electron density of the amino 
group. Therefore, a fluorescent probe having excellent measurement sensitivity can 
be designed. Among such fluorescent probes, a fluorescent probe may be chosen 
whose fluorescence is quenched through PET when a measuring object is not present 
and causes no PET when the probe traps a measuring object to obtain a fluorescent 
probe having excellent measurement sensitivity and an ideal fluorescence property. 

Example 5* Preparation of a crown-ether-bound Fluorescein derivative 

Xanthone was prepared according to a method described in Proc. Indian. Acad. 
Sci. Sect. A., 57, 280(1963), and the resuling xanthone was converted to 
di(tert-butyldimethylsilyl) protected form (xanthone-TBDMS) (J. Biol. Chem., 264, 14, 
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8171(1989)). 

4-Methyl catechol (3.5 g, 28 mmol) was dissolved in 100 ml of dichloromethane. 
The solution was stirred in a salt-ice bath at -10°C to O'C and slowly added drop wise 
with a dichloromethane solution (20 ml) of bromine (5 g, 31 mmol). The dropping was 
terminated at the time point when white solid deposited, and the reaction solution was 
washed with a saturated aqueous ascorbic acid solution, and a saturated aqueous 
sodium chloride solution (100 ml each). The solvent was evaporated under reduced 
pressure to obtain white solid (4.1 g, yield 71%). 

4-Bromo-5-methylcatechol (1.0 g, 4.9 mmol), tetraethylene glycol di-p-tosylate 
(2.5 g, 5.0 mmol), cesium fluoride (5 g, 33 mmol), and acetonitrile (100 ml) were put 
into a pear shape flask equipped with Dimroth condenser, and the mixture was 
refluxed under heating under argon atmosphere at 90°C for 20 hours. The reaction 
solution was evaporated under reduced pressure. The residue was dissolved in a 
sufficient amount of ethyl acetate and the solution was filtrated to remove solids. The 
resulting filtrate was evaporated under reduced pressure to obtain 1.9 g of 
4-bromo-5-methylbenzo-15-crown-5-ether as white solid. The solid was purified by 
NH silica gel column chromatography (eluent; ethyl acetate / methanol = 20/1 (v/v)) to 
obtain white solid (0.69 g, yield 34 %). 

4-Bromo-5-methylbenzo-15-crown-5-ether (150 mg, 0.415 mmol) dissolved in 
2 -methyl tetrahydrofuran (15 ml) was put in a two-neck flask dried well under argon 
atmosphere, and stirred in a liquid nitrogen/ isopentane bath at about -150^. To the 
solution, a t-butyl lithium/n-pentane solution (1.54 M, 1 ml) (1.54 mmol) was slowly 
added drop wise. After stirring for 30 minutes, the solution was slowly added 
dropwise with xanthone-TBDMS (190 mg, 0.416 mmol) dissolved in 3 ml of 
2-methyltetrahydrofuran. After stirring for one hour, 2N aqueous hydrochloric acid 
was added, and the mixture was heated at 80t for one hour. The reaction solution 
was evaporated under reduced pressure, and the residue was dissolved in 
dichloromethane and washed with 2N aqueous hydrochloric acid. The organic layer 
was dried with anhydrous sodium sulfate, and the solvent was evaporated under 
reduced pressure to obtain red-orange crude oil product. The product was purified by 
alumina column chromatography (eluent; dichloromethane / methanol = 15/1 (v/v)) to 
obtain the compound represented by the structure below as red-orange oil. 
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1 H-NMR(CDCI 3> 300MHz) 
A=1.95ppm (s,3H,a) 

3.8-4.2 (m,16H,b) 

6.66 (s,1H,c) 

6.86 (s,1H,d) 

6.91 (dd,2H,e,Jef=1.92) 

7.05 (d,2H,f) 

7.31 (d,2H,g,Jeg=9.24) 
MS(FAB) 492(MH + ) 

Example 6 

The fluorescence quantum yield of the compound obtained in the above 
Example 5 was measured. The measurement was conducted by using F-4500 
(HITACHI Ltd.). Fluorescence spectrum of the compound of Example 5 was analyzed 
in an aqueous solution of pH 9 containing NaCl or CaCb using dimethylformamide 
(0.03%) as co-solvent. The pH of the solution for measurement was adjusted with 
addition of hydrochloric acid. The results are shown in the table below. 



Table 1 



Concentration 


Ca2+ 


Na + 


3M 


0.295 


0.043 


0.1M 


0.02 


0.03 



A dimethylformamide solution of the compound of Example 5 (the final 
concentration of 0.5 v M) was diluted with an aqueous solution of pH 9 containing NaCl 
or CaCh and changes of fluorescence spectra depending on the NaCl or CaCb 
concentrations were studied. The result is shown in Figure 4. 

Example 7- Preparation of a crown-ether-bound dichlorofluorescein derivative 

2,7-Dichloroxanthone was prepared according to a method described in J. 
Chem. Sci.(Lond),3982(l955), Proc. Indian. Acad. Sci. Sect. A., 57, 280(1963), and J. 




23 



Biol. Chen,, 264, 14, 8171(1989). The obtained 2,7-dichloroxanthone was converted 
to di(tert-butyldimethylsilyl) protected form (2,7-dichloroxanthone-TBDMS). 

4-Bromo-5-methylbenzo-15-crown-5-ether (150 mg, 0.415 mmol) dissolved m 
2 - m ethyltetrahydrofuran (15 ml) was put in a two-neck flask dried well under argon 
atmosphere, and stirred in a liquid nitrogen/ isopentane bath at about -150°C. To the 
solution, a t-butyl lithium/n-pentane solution (1.54 M, 1 ml) (1.54 mmol) was slowly 
added dropwise. After stirring for 30 minutes, the solution was slowly added 
dropwise with 2,7-dichloroxanthone-TBDMS (190 mg, 0.416 mmol) dissolved in 3 ml of 
2-methyltetrahydrofuran. After stirring for one hour, 2N aqueous hydrochloric acid 
was added, and the mixture was heated at 80X: for one hour. The reaction solutxon 
was evaporated under reduced pressure, and the residue was dissolved in 
dichloromethane and washed with 2N aqueous hydrochloric acid. The organic layer 
was dried with anhydrous sodium sulfate, and the solvent was evaporated under 
reduced pressure to obtain red-orange crude oil product. The product was purified by 
silica gel column chromatography (eluent; dichloromethane/ methanol = 7/1 (v/v)) to 
obtain the compound represented by the structure below as red-orange o± 



1 H-NMR(CDCl3,300MHz) 
A=1.94ppm (s,3H,a) 
3.6-4.2 (m,16H,b) 
6.26 (s,2H,c) 
6.81 (s,2H,d) 
6.84 (s,1H,e) 
7.04 (s,1H,f) 
MS(FAB)583 (MNa + ) 
585(M+2Na + ) 




Example 8 

intensity changes of the compound obtained in Example 5 and 



Fluorescence 



the compound obtained in Example 7 above were measured with addition of sodnxm, 
magnesium, and potassium. Measurements were conducted in 0.2 M Tris- 
perchlorate buffers at P H 7.5 containing various concentrations of sodium perchlorate 
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and magnesium perchlorate using dimethylformamide (0.1%) as co-solvent when 
sodium and magnesium were added, and in 0.2 M Tris-hydrochloride buffers at pH 7.5 
containing various concentrations of potassium chloride using dimethylformamide 
(0.1%) as co-solvent when potassium was added. The final concentrations of the 
compounds obtained in Example 5 and Example 7 were adjusted to be 3 , M. The 
compound obtained in Example 5 was measured at excitation wavelength of 492 nm 
and fluorescence wavelength of 513 nm and the compound obtained in Example 7 was 
measured at excitation wavelength of 504 nm and fluorescence wavelength of 524 nm. 
The results of measurements are shown in Figure 5. The results of calculations of 
complex formation constants from the above results are shown below. 



Table 2 





Complex formation constant (mM) 


Na + 


K + 


Mg + 


Compound of Example 5 


0.31 


0.25 


Unmeasurable 


Compound of Example 7 


0.32 


0.41 


Unmeasurable 



Example 9 

Fluorescence intensity changes of the compound obtained in Example 7 and 
Sodium Green tetra(tetramethylammonium)salt (Molecular Probes Inc.) against P H 
change were studied under co-presence of sodium. Measurements were conducted in 
0 2 M Tris-phosphate buffers at various P H containing 500 mM of sodium perchlorate 
using dimethylformamide (0.1%) as a co-solvent. The compound obtained in Example 
7 was measured at excitation wavelength of 504 nm and fluorescence wavelength of 
522 nm and Sodium Green tetra(tetramethylammonium) S alt was measured at 
excitation wavelength of 508 nm and fluorescence wavelength of 533 nm. The 
measurement results are shown in Figure 6. 

The compound obtained in Example 7 had a stable fluorescence intensity up to 
around P H5, and thus found to be a probe which is less susceptible to a P H change 
ampared with Sodium Green tetra(tetramethylammonium)salt. 



coi 



Industrial Applicability 

According to the present invention, a fluorescent probe having an excellent 
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fluorescent property is provided. Further, according to the design method of the 
present invention, a fluorescent probe having an excellent fluorescent property can be 
logically designed. 
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